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TOM TAT

Trong bai viét nay, ching t6i tién hanh thir nghiém va danh gia mét s6 phwong phap trich chon déc trwng cho
dir liéu am thanh ong. Cac d&c trwng dwoc trich chon bang cac ky thuat MFCC, Chroma, Wavelet va cac dac trwng
quan trong dwoc lwa chon bing phwong phap Rirng ngau nhién, Extra trees, XGBoost tr dir li&u ban d4u sau d6 cac
dac trung nay dwoc cung cip cho cac thuat toan hoc may nhw SVM, Rirng ngau nhién, XGBoost dé gidi quyét bai
toan nhan dang tiéng ong. Két qua thir nghiém cho thdy v&i mé hinh Rirng ngau nhién va XGBoost str dung dac
trwng MFCC viéc phan biét tiéng ong 1a hoan toan kha thi v&i d6 chinh xac trén 99,9%.

T khoa: MFCC, Chroma, Wavelet, Rirng ngdu nhién, XGBoost, phan loai &m thanh ong.
Comparison of some Feature Extraction and Classification Methods for Bee Sound Data

ABSTRACT

In this study, we have tested and evaluated several feature extraction methods of bee sound data. The features
were extracted by MFCC, Chroma and Wavelet techniques and important features were selected by Random Forest
(RF), Extra trees, and XGBoost method from raw data and then provided to machine learning algorithms such as
SVM, Random Forest, XGBoost to solve the bee recognition problem. The experiment results show that using
Random Forest and XGBoost models with MFCC features, bee sound recognition is fully possible with the accuracy

over 99.9%.

Keywords: MFCC, Chroma, Wavelet, Random Forest, XGBoost, Beehive sound recognition.

1. DAT VAN DE

Trong qué trinh nudi ong, theo ddi t6 ong dé
thu thap thong tin vé trang thai, hoat dong va
tap tinh ctia ong mat 124 moét trong nhiing cong
viéc quan trong nhat. Tuy nhién, phuong phap
thu cong thuc hién trong thuc t& can phai xAm
1an truc ti€p vao t6 ong nén gAy ra su cing
thdng, hoang s¢ cho ong, bén canh d6 phuong
phap nay ton nhiéu thdi gian va phu thudc chu
yéu vao kinh nghiém, kién thtc clia ngudi nudi
ong. Chinh cac yéu t6 nay 1a dong luc dé cac nha
nghién ctu tim ra cac phuong phap dya trén
cong nghé hién dai nham giam b6t nhiing nhudc
diém cta phuong phap truyén théng trong viéc

theo doi dan ong. Y tudng chung cla cach tiép
can méi nay la st dung mot hé thong thiét bi
dién ti gdn vao mdi té ong dé thu thap di liéu
lién quan t6i dan ong nhu nhiét d6, @6 4m, trong
lugng budng ong, Am thanh phat ra, s6 luong
ong bay ra - vao trong mot khoang thoi gian. Di
lidu thu thap dugc sau d6 duge phan tich va xi
ly dé thu dugc thong tin quan trong cho phép
ngudi nudi ong theo doi t6 ong tit xa ma khong
lam gian doan vong ddi cia cac dan ong mat (Du
& cs., 2020).

Trong s6 cac loai dit liéu dude thu thap tit t6
ong, Am thanh do dan ong phat ra (tiéng ong)
déng vai trd quan trong trong viéc giam sat to
ong tu dong. Diéu nay la do tiéng vo ve cua ong
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mang théng tin vé hanh vi cia dan ong. Vi duy,
ong mat phat ra 4m thanh cu thé khi thiéu ong
chta hoic ching tiép xtc v6i cac tac nhan gay
cang thdng nhu ve &n thit va chit doc trong
khong khi (Bromenshenk & cs., 2009). Cac
phuong phap dua trén cong nghé méi c6 thé
gitip ngudi nudi ong giam sat td ong dua trén
am thanh tit d6 trich xu4dt théng tin quan trong
vé hanh vi ciia dan ma khéng cin kiém tra xam
18n t6 ong. Nhiém vu co ban dau tién cta b4t ky
cong nghé giam sat t6 ong dua trén 4m thanh
nao 1a nhan ra 4m thanh ctia ong va phan biét
ching v6i Am thanh khong phai cta ong c¢6 thé
thu dudc trong moéi trudng xung quanh t6 ong
nhu 4m thanh d6 thi, mua hodc dong vat khac
nhu tiéng dé&. Mot khi hé thong khong phan biét
dugc 4m thanh cta ong véi nhiing 4m thanh
khéng phai ciia ong, tdt ca cac cong viéc lién
quan dén phan tich di liéu cho cac van dé cu thé
dé thuc hién giam sat t6 ong tu dong dua trén Am
thanh thu dudc ti t6 ong ciing sé& that bai.

Nhiing ndm gan day, cac phuong phap trich
chon déc trung A4m thanh va k§ thuit hoc may
dudge st dung kha nhiéu trong nghién ctu vé di
liéu 4m thanh ong nhu: Terenzi & cs. (2019) da
nghién ctiu hiéu suét ctia phép bién d6i Wavelet
(WT) nhu mot ky thuat trich chon dic trung dé
phan loai 4m thanh ctia ong mat. Robles-
Guerrero & cs. (2017) da st dung mé hinh héi
quy logistic (LR - Logistic Regression) va dic
trung MFCC dé phéan biét tiéng vo ve cia ong
mat va tiéng on. Kulyukin & cs. (2018) da su
dung két hop cac dict trung MFFC, Chroma,
Mel Spectrogram va Tonnetz véi téng cong 193
dic trung lam diu vao cho bén thuat toan hoc
mAay dé hudn luyén mé hinh phan loai dé phat
hién 4m thanh cta ong tif cic mau 4m thanh,
bao gom thuat toan LR, thuat toan K-Nearest
Neighbor (KNN), thuat toan Riung ngiu nhién
(RF) va thuat toan SVM. Phuong phap May
vecto hé trg (SVM) véi nhan Gaussian dudc
Nolasco & cs. (2019) st dung dé phan loai di
liéu tit cac trang thai khac nhau cia td ong.

Trong nghién ctu nay, ching téi thuc hién
tht nghiém va danh gia mot s6 k§ thuat trich
xuit dic trung tir dii liéu Am thanh ban dau thu
duge ti cac t6 ong. Cac dac trung duge trich
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chon bang cac ky thuat MFCC, Chroma,
Wavelet va cac déc trung quan trong dudc lua
chon biang phuong phap Ring ngiu nhién,
Extra trees, XGBoost tu diéi liéu tho. Sau d6
nhiing dac trung nay sé dude cung cip cho cac
thuat toan hoc may nhu SVM, Riing ngiu
nhién, XGBoost dé giai quyét bai toan nhan
dang tiéng ong.

2. PHUONG PHAP NGHIEN CUU
2.1. Vat liéu

2.1.1. D@ liéu 4m thanh ong

Ching t6i st dung dii litu Am thanh ong
duge thu thap bdsi (Kulyukin & cs., 2018) tu
thang 4/2017 dén thang 9/2017 trong cic tb ong
mat Y & hai trai nuéi ong cach nhau 17km. Trai
nudi ong thi nhat ¢ moi truong d6 thi, dii liéu
duge thu nhan ti hai t6 cach nhau khoang 20m:
t6 1.1 dit bén canh mot nha dé xe c6 may phat
dién; t6 1.2 diat gAn mot bai xe 16n hon, khong c6
tiéng may phat dién nhung nhiéu tiéng 6n nhu
tiéng dong co 6 t6 va tiéng cdi xe. Trai nudi ong
thi hai 6 viing nong thon, dii liéu duge thu nhan
tit hai t6 ong 2.1 va 2.2 cach nhau khoang 15m.
MB5i t6 ong dude dit bén canh mot té ong khong
duge giam sat. TS 2.1 dudc dat gdn mot bai co
16n c6 tiéng On tit may cit cd va hé théng tudi
nude tu dong. T6 2.2 dude dit 6 noi yén tinh va
hau nhu khong nghe th4y tiéng 6n xung quanh.

Pé thu duge di litu Am thanh ti nhiing td
ong nay Kulyukin & cs. (2018) da thiét k& mot
hé thong EBM da cdm bién gém nhiéu thiét bi
dugc k&t noi véi nhau: may tinh Raspberry Pi,
may anh thu nhd, bd chia micrd, bén micrd duge
két noi véi bo chia, bang diéu khién, tdm ning
lugng mét troi, cam bién nhiét d9, pin va dong
hé phan cting. Bén micro c6 dai tan tu
15-20KHz dudc dit cach ctia thung 10cm va
dude gdn vao thanh phia trong thung ong. Hé
thong thuc hién thu nhan 4m thanh 15 phut
mot 14n, mdi 1an 30 gidy. Mdi tép Am thanh c6
do6 dai 30 gidy v6i dinh dang .wav sau dé dudc
cit thanh ting doan c6 d6 dai 2 gidy véi phan
chong chéo 1 gidy. Mdi mau Am thanh nay sau
d6 duge gan nhén thuéc mot trong ba 16p di
liéu: tiéng ong vo ve (B), tiéng dé& kéu (C) va



tiéng 6n xung quanh (N). Cac hinh 1-3 1a hinh
anh quang phd cta tiéng ong vo ve (B), tiéng dé&
kéu (C) va tiéng 6n xung quanh (N), dugc tinh
td ba miu am thanh trong tap BUZZI1.
Trong d6, thoi gian duge biéu thi doc theo truc
x, tan s6 doc theo truc y va cudng do ctia tan s6
tai mdi khung thoi gian dudc biéu thi bang
mau sic.

Dii liéu thu nhan ti cac t6 ong dude dua vao
hai tap dit liéu:

Tap BUZZ1 bao gébm tat ca 9.110 mau, dudc
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thu nhan tir cac t6 ong 1.1 va 2.1 trong dé cé:
3.000 miu B, 3.000 miu C va 3.110 mau N.

Tap BUZZ2 gém tdt ca 9.914 mau am
thanh, da dudc chia thanh hai tap: tap di liéu
huan luyén c6 7.582 mau (chiém 76,48%) dudc
14y ti t6 1.1, trong d6 bao gdm 2.402 miu B,
3.000 mau C va 2.180 méu N. Tap kiém tht c6
2.332 miu dudc 14y ti t6 2.1, trong d6 bao gom
898 mau B, 500 mau C va 934 mau N. Nhu vay,
hai t4p huén luyén va kiém thi hoan toan tach
biét nhau vé t6 ong va vi tri dit td.
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Hinh 1. Hinh Anh quang phé ctia mAu Am thanh ong vo ve

Spectrogram cua tiéng dé (Cricket)
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Spectrogram cla tiéng 6n (Noise)
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Hinh 3. Hinh Anh quang phé ctia mAu Am thanh tié€ng 6n

2.1.2. Céng cu

Chtng t6i st dung may tinh Windows 64-bit,
Intel(R) Core(TM) 17-107560H CPU @ 2.60GHz,
8Gb RAM, cai dat cac thuat toan bang
Python 3.8 (Python, 2021) va scikit-learn
(Scikit-Learn, 2021).

2.2, Phuong phap nghién citu

2.2.1. M6t s6 phuong phap trich chon dic
trung 4m thanh

Dé stt dung dudgc cac k§ thuat hoc may tiéu
chuén, yéu dau tién dat ra 1a phai trich chon
dac trung dé chuyén d6i tin hiéu thé thanh
vecto dic trung. Vecto déc trung 1a vecto s6 dai
dién cho mo6t mAu dii liéu va duge st dung trong
nhiéu tinh toan hay phan loai.

a. Mel Frequency Cepstral Coefficient

Mel Frequency Cepstral Coefficient (MFCC)
1a mot phuong phap trich chon déc trung cho di
liéu dang Am thanh dugc giéi thiéu béi (Davis &
Mermelstein, 1980). MFCC mé phoéng lai qua
trinh cdm nhan 4m thanh cta tai nguoi dua
trén dac diém tai ngudi nhan biét duge nhiing
am thanh c6 tan s6 thap (< 1kHz) t6t hon nhiing
am thanh c6 tan sd cao. Qua trinh nay dudc
thyc hién thong qua cac budc:

(1) Chuyén d6i tin hiéu tuong tu sang ky
thuat s6 va loc ting cudng/nmhidn manh trudc:
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Am thanh 12 mot dang tin hiéu lién tuc, trong
khi d6 may tinh lai lam viéc véi cac con s6 roi
rac. Vi vay, ta cAn chuyén tit dang tin hiéu lién
tuc sang dang rdi rac bing cach 14y mAu tai cac
khoang thdi gian cach déu nhau v6i mét tan so
14y mau xac dinh.

(2) Phan doan: Qua trinh nay thuc hién
phan doan cac mAu tin hiéu Am thanh thanh cac
khung nhd theo thdi gian véi d6 chong chéo
khoang 50% gitia cac khung lién tiép nhau.

(3) Bién d6i Fourier nhanh: st dung bién
d6i Fourier nhanh dé bién d6i tin hiéu tit mién
thoi gian sang mién tan s6 (phé bién do).

(4) Cac bd loc Mel: P& mé phoéng lai qua
trinh cAm nhan 4m thanh ctia tai ngudi, 6 buée
nay ta xdy dung mdét thang Mel va mot tap hgp
(thuong gém tu 20 dén 40) cac bo loc hinh tam
gidce dude st dung dé tinh tong trong s6 cta cac
b6 loc thanh phan sao cho dau ra ctia qua trinh
x4p x1 v6i thang Mel.

(5) Bién d6i Cosine roi rac: Pay 1a qua trinh
chuyén d6i phé log Mel thanh mién thdi gian st
dung bién d6i Cosin rdi rac (DCT). Két qua caa
qua trinh chuyén déi nay duge goi la Mel
Frequency Cepstrum Coefficient.

b. Bién déi Wavelet
Phép bién déi wavelet lién tuc:

Phép bién d6i Wavelet (WT) 1a phép bién
d6i cung c&p biéu dién tan sd theo thoi gian cta



tin hiéu. Goi f(x) 1a tin hiéu 1-D, phép bién déi
Wavelet lién tuc 1a su phin rd cua f(x) thanh
mot tap hgp ham co sé ¥, (x) dugde goi la cac
Wavelet (Abdalla & Ali, 2010). Cac Wavelet
dugc tao ra tt mot Wavelet me duy nhat ¥(x)
bang cach thuc hién gian nd va dich.

w(a,b) :J.f(x)‘I’;b (s)dx (1)

‘I’s’b(x)zﬁ‘{’(x;bj 2)

Trong dé: f(x) 1la tin hiéu can phan tich,

w(s, b) 1a hé s6 bién d6i Wavelet lién tuc cia f(x),
v6i s 1a ti 16 va b 1a dich chuyén dac trung vi tri,
#(x) 12 ham bién d6i va dude goi 1a Wavelet me.

Phép bién déi Wavelet roi rac:

Pé tinh cdc hé s6 cta phép bién d6i
Wavelet lién tuc trén may tinh, hai tham s& ti
1é va dich chuyén khong thé nhan cac gia tri
lién tuc ma phai 1a cac gia tri roi rac. Nam
1989, Mallat dua ra ky thuat phén tich da
phan gidi trén co s6 ma héa hinh thap va dé
xuélt cac ho ham Wavelet truc giao dé 4p dung
trong xu ly tin hidu s6 (Mallat, 1989). Y tudng
cua phan tich da phan gidi la st dung cac k¥
thuat loc trong qua trinh phéan tich. Trong d6,
mdi mot tin hiéu dudec phan tich thanh hai
thanh phan: thanh phan x4p xi A tuong lng
v6i thanh phan tan s6 thap va thanh phan chi
tiét D tuong ting v6i thanh phan tin sd cao.

Mot tin hiéu x c6 d6 dai N, phép bién déi
Wavelet rdi rac (DWT) bao gém téi da log,N
tang. Tang dau tién, bit dau tu x tao ra hai
thanh phan: thanh phan xip xi a, thu dudc
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béng cach nhan chap x véi b loc thong thap va
thanh phan chi tiét d, thu dugc bang cach nhan
chap x véi bd loc thong cao. Trong d6, bo loc
thong thap st dung ham ti 1&¢ ®(x) va bod loc
thong cao st dung ham Wavelet ¥(x).

MGo6i quan hé gifia ham ti 1é va ham Wavelet
dugc cho bdi:

q)(x) - NZ_fckcp(zx—k) 3)

1 k

¥(x)=2(-1) C x0(2x+k-N+1) (4)

k=0

Trong dé: C 1a hing s6 phu thudc vao ham
Wavelet dudgc st dung.

Cac phép loc dudc tién hanh véi nhiéu tang
khac nhau va dé khéi lugng tinh toan khong
tang, khi qua méi bo loc, tin hiéu dugc 14y mau
xudng 2. Tang ti€p theo, lap lai cac budec nhu
tréen dé chia thanh phan x4p xi a, thanh hai
phéan a, va d, va tiép tuc cho cac ting phia sau
nhu trong hinh 4.

Tai mdi tdng loc, biéu thitc cua phép loc
dudc cho bdi cong thiic:

Viinstean() = 3 S(ng(2k —n) (5)
Vian (@ = S(n}h(2k —n) ©)

Trong d6: S(n) la tin hiéu, h(n) 1a dap Gng
xung cua cac bd loc thong thap tuong tng vdi
ham ti 1&é ®(n) va gn) 14 dap Gng xung cua cac
bo loc thong cao tuong tng v6i ham Wavelet
Y(n). Hai bd loc nay lién hé nhau theo hé thiec:

h(N —n - 1) = (-1)"g@) (7

X
\

Level 0 H],lz
d(}
Level 1 (Hy,l2]  [H,,{2]
|
d
Level2 [ Hy, 2| |H,, 2|
|
a, d,

Hinh 4. Phan tich da phan giai s& dung bién d6i wavelet roi rac
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c. Chroma

Dic trung vé cao d6 1a dic trung duge si
dung dé danh gia Am thanh 1a “cao” hay “th&p”
theo nghia lién quan dén giai diéu Am nhac. Nhan
thiic ctia con ngudi vé cao dé 1a tudn hoan nghia 1a
hai cao d6 dugc coi la gidhg nhau vé “mau sic” néu
ching khac nhau mét hodc vai quang tam. Trong
thang am, m6t quing tam dudc dinh nghia la
khoang cach ctia 12 nét nhac dude biéu dién bdi
tap hop {C, C#, D, D¢, E |F, F¢, G, G#, A, A#, B}.
Cao dd dugc tach thanh hai thanh phan, duge goi
1a do cao Am (tone height) va sic do (chroma). Do
cao Am dé cap dén s6 quang tam va sic do 1a mot
b6 gébm 12 phan ti cho biét mtic d6 néng lugng ciia
mdi 16p cao do {C, C#, D,.., B} c6 trong tin hiéu
(Kattel & cs., 2019).

Dic trung sic do dude trich xudt tit cudng
d6 quang phé bing cach st dung bién d6i Short
Time Fourier Transform (STFT), Constant-Q
transform(CQT),...

2.2.2, Mét sé phuong phap hoc may

a. May vécto hé trg

Thuat todn may vécto hdé trg (SVM -
Support Vector Machine), dugc Vapnik va cac
cong su cua éng gidi thidu lan dau tién vao cudi
thap ky 70 caa thé ky XX, 1a mét trong nhiing
thuat toan hoc tap dua trén ham nhan dugc st
dung réng rai trong nhiéu tng dung hoc may.
SVM thuéc nhém cac ky thuat hoc c6 giam sat
phi tham s6, khong nhay cam véi viéc phan phoi
dii liéu co ban. Pay 1a mét trong nhiing wu diém
cia SVM so véi cac k§ thuat thong ké khac
(Mather & Tso, 2016).

SVM 14 mot bé phan 16p nhi phan tuyén
tinh, xac dinh mot ranh giéi duy nhat gitia hai
16p. D& t6i da hoa su phan tach, SVM st dung
mot phan ctia cic mau hudn luyén nam gan
nhit v6i duong bién trong khoéng gian dic
trung nhu cac vécts hd trg (support vector)
(Kuo & cs., 2013). Vi du nhu trong hinh 5, m6t
situ phéng t6i uwu dude xac dinh véi bién d6
phan tach la cuc dai.

Trong thuc t&, cac mau dit liéu ctaa cac 16p
khac nhau khong phai lic nao cling phan tach
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tuyén tinh ma c6 su chdng chéo véi nhau (Hinh
6). Trong trudng hdp nay, ching ta cé thé tim
cach bién ddi dit liéu sang mot khong gian méi
sao cho 6 d6 dii liéu cta hai 16p 14 phan biét
tuyén tinh ho#c gin phan biét tuyén tinh. Dé
thuc hién viéc nay, ta c6 thé st dung kernel
trick. C6 moét s6 mé hinh hat nhan dé xay dung
cic SVM khac nhau, dién hinh nhu: ham
Sigmoid, Ham Radial basis (hay Gaussian),
ham tuyén tinh, ham da thtec.

Pé mé rong mé hinh SVM ap dung cho bai
toan phan 16p da 16p, ta st dung nhiéu bo phan
16p nhi phin va cac ky thuit nhu one-vs-one
hoéc one-vs-all.

b. Phuong phép hoc két hop

Hoc ké&t hop 12 mét thuat toan két hgp mot
s6 thuat toan hoc may vao mdt mo hinh du doan
dé cai thién két qua du doan. Hai nhém dién
hinh cta phuong phap hoc két hop 1a Bagging
va Boosting.

Rirng ngau nhién

Riing ngau nhién (RF) 1a phuong phap hoc
két hop c6 giam sat theo phuong phap Bagging,
dudc phat trién bsi (Breiman, 2001) dé c6 thé
giai quyét ca hai bai toan phan 16p va hoi quy.
Thuat toan RF bao gém nhiéu cdy quyét dinh,
mbi cdy dudc xay dung dung thuat toan cay
quyét dinh trén tap dii liéu khac nhau va dung
tap thuoc tinh khac nhau. Sau d6 két qua du
doan ctia thuét toan RF sé dudc téng hop tit cac
cdy quyét dinh bing cach 14y trung binh du
doan cua cac cdy quyét dinh trong trudng hop
héi quy hodc st dung biéu quyét da s6 cho nhan
16p trong trudng hgp phan 16p. Do méi cay quyét
dinh déu c6 nhiing yéu t6 ngdu nhién va méi cay
quyét khéng dung tat cd dit liéu hudn luyén,
cling nhu khong dung tit ca cac dic trung cta
dit liéu dé x4y dung cAy nén mdi cay c6 thé sé du
doan khéng tot, khi d6 mdéi moé hinh cay quyét
dinh khéng bi overfitting ma c6 thé bi
underfitting. Tuy nhién, két qua cudi cung cua
thuat toan RF lai téng hop tit nhiéu cdy quyét
dinh, thé& nén théng tin ti cac cdy sé b6 sung
thong tin cho nhau, dan dén mé hinh c6 két qua
du doan tét (Vi Hitu Tiép, 2021).
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Hinh 5. Vi du SVM cho dit liéu cé thé phan tach tuyén tinh

Hinh 6. Vi du SVM cho dit liéu khéng phéin tach tuyén tinh

Extremely Randomized Trees

Tuong tu nhu RF, Extremely Randomized
Trees (viét ngdn gon la Extra Trees) 1a thuat
toan hoc may két hop hoat déng bang cach tao
ra mdt s6 lugng 16n cac cdy quyét dinh. Tuy
nhién, hai diém khéac biét chinh ctia Extra Trees
v6i RF 14 n6 phan chia cac nit bing cach chon
cac diém cdt hoan toan ngiu nhién va né st
dung toan bo di liéu hudn luyén dé phat trién
cay (Geurts & cs., 2006).

XGBoost

XGBoost (Extreme Gradient Boosting) la
mot giai thuat dudc xay dung duya trén gradient
boosting. Phuong phap nay xay dung mot chudi
cac md hinh, trong d6 mdi mé hinh sau cé ging
han ché& 16i cia mé hinh truéc d6 va do d6 mo
hinh sau sé t6t hon mé hinh truéc. Két qua cua
mo hinh cuéi cung trong chudi moé hinh nay sé
1a két qua tra vé. XGBoost c¢6 thé dudc st dung
dé giai quyét nhiéu bai toan nhu hdi quy, phan
16p hodc giai quyét cac van dé do nguoi dung tu
dinh nghia.

2.2.3. Thi nghiém

Ching t6i st dung hai tap dd liéu BUZZ1
va BUZZ2 nhu da mé ta 6 trén dé thi nghiém.

Trong do6, tap dd liéu BUZZ2 da duge chia thanh
hai tap hudn luyén va thi nghiém riéng biét.
Tap dit lieu BUZZ1 gom tat ca 9.110 mau, dugc
chia thanh tap hudn luyén gém 6.103 mau
(chiém 67%) va tap thi nghiém gom 3.007 mau
(chiém 33%) véi thu tuc train_test_split ti thu
vién  sklearn.model_selection cua  Python
(Scikit-Learn, 2021).

Tru6e tién, ching téi thi nghiém véi cac
phuong phap trich chon dic trung co ban:
MFCC, Wavelet va Chroma trén hai tap da liéu.
Viéc lya chon cac phuong phap trich chon nay
do ching t6i nhan xét dit liéu duge st dung da
dugc thu thap ti t6 ong trong méi trudng dé thi,
trong d6 c6 tiéng on 1a giong néi ngusi va MFCC
dugce st dung roéng rai trong nhan dién giong néi
va Am thanh vi kha ning mdé phéng cich tai
ngudi cAm nhan Am thanh; tiéng ong vo ve, tiéng
dé kéu c6 thé gidng giai diéu 4m nhac nén
Wavelet va Chroma c6 thé sé hiiu ich. Sau dé st
dung cac dic trung nay dé huén luyén va thi
nghiém v6i cac mé hinh: SVM véi nhan tuyén
tinh one vs. one, Riing ngau nhién va XGBoost.
Cac phuong phap dudge chung t6i lua chon dai
dién cho cac phuong phap hoc don va hai phuong
phap hoc két hgp 1a Bagging va Boosting. Cac
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phuong phap nay déu 1la4 mé hinh phan 16p cé
giam sat dude huan luyén dua trén di liéu duge
gin nhan dé phan 16p dit liéu quan sat méi vao
mot trong cac 16p duge xac dinh trude.

Tiép theo, ching tdi cai dit thi nghiém si
dung cidc mé hinh Rung ngiu nhién, Extra
Trees va XGBoost dé lua chon ra cac dic trung
quan trong cta di liéu thé ban dau va ciing st
dung nhiing déc trung nay cho cac mé6 hinh hoc
méay nhu trucng hdp trén.

Ching t6i da st dung hai s6 liéu dé danh
gia hiéu suat cia cac md hinh: d6 chinh xac ctua
phan 16p va ma tran nham 1an. D6 chinh xéac
cta phan 16p 1a ty 1é phan tram cac du doan
dung va ma tran nham 14n chi ra cu thé méi loai
dudge phan loai nhu thé& nao, 16p nao duge phan
loai ding nhiéu nh4t va di lidu thudc 16p nao
thuong bi phan loai nham vao 16p khac.

3. KET QUA VA THAO LUAN

Két qua thuc nghiém véi tap dit liéu BUZZ1
dudc cho trong cac bang tit bang 1 dén bang 4:

Két qua bang 1 cho thay véi dic trung
dugc trich chon bdi k§j thuat MFCC tat ca céc
phuong phap hoc may ké trén déu cho két qua
tot ddc biét véi hai mé hinh Riing ngiu nhién

va XGBoost (> 99,9%). Diing tha 2 14 két qua
phan 16p khi st dung céac dic trung dudc trich
chon bdi phuong phap Chroma: két qua phan
16p tot nhat 1a phuong phap Riung ngau nhién
97,21%, tiép theo 12 phuong phap XGBoost va
cudi cung la phuong phap SVM. Khi st dung
dac trung Wavelet, mic du c6 sé chiéu rat 16n
(88.200 chiéu) nhung hiéu qua phan I6p cta
cac phuong phap hoc may lai khéng tot bang st
dung dau vao la dic trung trich chon bdi
phuong phap MFCC va Chroma. Kha ning
phan loai chinh xac cac dii liéu dau vao thude
vé phuong phap XGBoost 90,46%. Tu két qua
trén chung ta thdy, MFCC la phuong phap
trich chon dugc cac dic trung dit liéu t6t hon
hai phuong phap trich chon dac trung Chroma
va Wavelet.

Ngoai viéc so sanh dé chinh xac phéan 1ép,
ching t6i con thuc hién kiém tra su phan 16p
nham 1an gitta cac loai dii liéu khac nhau cua
cac phuong phap phéan 16p.

S6 liéu trong bang 2 cho thay khi st dung
dic trung MFCC va md hinh XGBoost dé phan
16p cho 3.007 mau Am thanh thudc tap di liéu
BUZZ1 chi ¢6 2 mau Am thanh thuéc 16p tiéng
ong dugc phan loai nham sang 16p tiéng 6n, tat
ca cac mau con lai déu dude phan 16p ding.
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Bang 1. K&t qua tht nghiém trén tap du lieu BUZZ1
v0@i cac phuong phap trich chon dic trung co ban

Phwong phap

trich chon d&c trung 86 lugng dac trung SVM (%) Rirng ngau nhién (%) XGBoost (%)
MFCC 40 99,34 99,93 99,93
Chroma 12 96,41 97,21 97,17
Wavelet 88200 86,56 87,03 90,46

Bang 2. Ma tran nham 1an khi th& nghiém
vOi dac trung MFCC va phuong phap phéan 16p XGBoost trén tap BUZZ1

Két qua phan 16p

Tiéng ong Tiéng 6n Tiéng dé Téng Do chinh xac
Tiéng ong 1004 2 0 1006 99,80%
Tiéng on 0 1016 0 1016 100,00%
Tiéng dé 0 0 985 985 100,00%
Do chinh xac 99,93%
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Bang 3. Két qua thit nghiém trén tap du liéu BUZZ1
v6i cac phuong phap hoc may duge st dung dé lwa chon ra cac dic trung quan trong

Phwong phap

lwa chon déc trung Sé lwgng dic trung SVM (%) Rwng ngau nhién (%) XGBoost (%)
Rirng ngau nhién 87488 89,26 86,66 91,22
Extra trees 2649 88,40 87,20 88,53
XGBoost 7039 89,66 87,40 91,02

Bang 4. Ma tran nhaAm lan khi st dung XGBoost dé lua chon dic trung
va phuong phap phan 16p Ritng ngau nhién trén tap BUZZ1

Két qua phan 16p

Tiéng ong Tiéng &n Tiéng dé Téng D6 chinh xac
Tiéng ong 763 149 76 988 77,23%
Tiéng &n 17 1001 10 1.028 97,37%
Tiéng dé 127 0 864 991 87,18%
Do chinh xac 87,40%
Bang 5. K&t qua tht nghiém trén tap di liéu BUZZ2
v@i cac phuong phap trich chon dic trung co ban
twich chon fBc tung a0 rung SVM (%) gy e xoBoost (%)
MFCC 40 99,44 98,85 99,19
Chroma 12 88,34 87,95 89,15
Wavelet 88.200 40,05 39,97 39,45

Bang 3 1a két qua so sanh cta cac phuong
phap hoc may khi st dung cac phuong phap
Riing nglu nhién, Extra trees, XGBoost dé lua
chon cac dic trung quan trong trong s6 88.200
dic trung tho ban dau. Két qua trong bang 3
cho thay phuong phap XGBoost luén cho két
qua toét nhat, dic biét véi dic trung duge trich
chon st dung Riing ngiu nhién (> 99,2%). Tuy
nhién, két qua van khéng t6t biang khi st dung
déc trung MFCC (> 99,9%) méc du déc trung
MFCC c6 kich thuéc 1a 40 nhd hon nhiéu so véi
cac phuong phap trich chon dac trung nay

Bang 4 thé hién phan 16p nham 1an giiia cac
loai di liéu khac nhau khi st dung XGBoost dé
lya chon déc trung va phuong phap phan 16p
Riing ngAu nhién. Véi téng s6 3.007 mAu da cé:
149 mau am thanh tiéng ong bi phan nham vao
l6p tiéng 6n, 76 mau Am thanh tiéng ong bi
phan nham vao 16p tiéng dé&; 17 mAu thudc 16p
tiéng 6n bi phan vao 16p tiéng ong, 10 mau tiéng

on bi phan vao 16p tiéng dé va 127 mau tiéng dé
lai dugc phan vao 16p tiéng ong.

Két qua thuc nghiém véi tap di lieu BUZZ2
dudc cho trong cac bang tit bang 5 dén bang 8.

Két qua trong bang 5 cho thay phuong phap
trich chon dic trung MFCC cho két qua phan
16p tot nhat (99,44%) khi st dung bd phan 1dp
SVM; phuong phap trich chon dac trung
Chroma cho két qua phan 16p to6t nhat (89,15%)
khi st dung bd phan 16p XGBoost va phuong
phap trich chon dic trung Wavelet cho két qua
phan 16p thap hon nhiéu so véi hai phuong trén,
két qua tot nhat chi dat 40,05% khi st dung bo
phan 16p SVM. So sanh két qua trén tap BUZZ2
v6i tap BUZZ1 ta thay hai phuong phap MFCC
va Chroma cho két qua khéng thap hon nhiéu;
tuy nhién phuong phap Wavelet cho két qua tot
trén tap BUZZ1 (90,46%) nhung lai cho két qua
thép trén tap BUZZ2 (40,05%).
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Bang 6. Ma tran nham lan khi thi nghiém
vOi dac trung MFCC va phuong phap phan 16p XGBoost trén tap BUZZ2

Két qua phan 16p

Tiéng ong Tiéng on Tiéng dé Téng D6 chinh xac
Tiéng ong 893 5 0 898 99,44%
Tiéng &n 1 930 3 934 99,57%
Tiéng dé 0 10 490 500 98,00%
Do chinh xac 99,19%

Bang 7. K&t qua thit nghiém trén tap du liéu BUZZ2
véi cac phuong phap hoc may duge st dung dé lwa chon ra cac dic trung quan trong

Phwong phap

lwa chon dac trung Sé lwong dac trung SVM (%) Rirng ngau nhién (%) XGBoost (%)
Rirng ngAu nhién 26683 40.05 40.00 39.49
Extra trees 2649 40.05 39.97 39.45
XGBoost 4891 40.05 39.97 39.40

Bang 8. Ma tran nham lan khi st dung XGBoost
dé€ lva chon dac trung va phuong phap phan 16p Ritng ngau nhién trén tap BUZZ2

Két qua phan 16p

Tiéng ong Tiéng on Tiéng dé Téng Do chinh xac
Tiéng ong 0 898 898 0,00%
Tiéng n 2 932 934 99,79%
Tiéng dé 0 500 500 0,00%

Do chinh xac

39,97%

S6 liéu trong bang 6 cho thay véi dic trung
MFCC va bd phan 16p XGBoost trong sd 2.332
mau Am thanh thudc b BUZZ2 chi c6 19 mau bi
phéan 16p sai.

S6 liéu trong bang 7 cho thay, khi st dung
cac phuong phap Ring ngau nhién, Extra trees,
XGBoost dé lua chon cac dac trung va két qua
phan 16p thu dude déu rat thap véi ca ba phuong
phap phan 16p. K&t qud nay cling thap hon
nhiéu khi ta so sanh véi két qua trén tap
BUZZ1 nhu thé hién trong bang 3.

K&t qua thé hién trong bang 8 cho thay khi
st dung XGBoost dé luya chon dic trung va
phuong phap phan 16p Rung ngau nhién trén
tap BUZZ2, tat ca cAc mAu aAm thanh thudc 16p
tiéng ong va 16p tiéng dé déu bi x&p vao 16p
tiéng on.
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4. KET LUAN

Tit két qua thii nghiém trén, ching t6i nhan
xét rang hai phuong phap trich chon dic trung
MFCC va Chroma cho két qua phan 16p tot trén
ca ba phuong phap hoc may SVM, Ring ngau
nhién va XGBoost va trén ca hai tap di liéu
khac nhau. Dic trung MFCC cho két qua tot
nhit trong sd cac phuong phap trich chon dic
trung da dudc thi nghiém, nhu vay ching ta
hoan toan c6 thé st dung dic trung nay dé ung
dung vao bai todn giadm sat t6 ong dua trén Am
thanh ong trong thuc té.

V61 cac phuong phap con lai: Wavelet, Rung
ngiu nhién, Extra trees, XGBoost méc du cho
két qua phan 16p tot trén tap BUZZ1 nhung lai
cho két qua khéng tot trén tap dii lieu BUZZ2,



1a tap di liéu ma hai tap huén luyén va kiém
thi hoan toan tach biét nhau vé t ong va vi tri
dit t6. Nhom s& thuc hién cac nghién ciu dé cai
tién cic phuong phap trich chon dic trung nay
trong cac nghién ctu tiép theo.

Ching t6i da thi nghiém véi nhiéu kiéu dic
trung khac nhau va két qua thd nghiém cho
thay: trén tap di liéu BUZZ1, vé6i hai mé hinh
Riing ngau nhién va XGBoost khi st dung déc
trung MFCC cho két qua phan 16p chinh xac téi
99,93% tuong duong két qua cho trong bang 3
khi stt dung CNN; trén tap dii lieu BUZZ2, két
qua phan 16p khi st dung dic trung MFCC va
SVM 1a 99,44% t6t hon két qua cho trong bang
14 (~ 95,7%) ctia nhém tac gia Kulyukin & cs.
(2018). Tu d6 ching t6i rit ra nhan xét, véi di
lidu nay chi can st dung dic trung MFCC va cac
k§ thuat truyén théng 1a da dap tng dudc yéu
cAu cua bai toan, ma khéng cin tén nhiéu chi
phi tinh toan nhu dung CNN.
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